Introduction
============

Dental caries is considered a major public health problem and oral health can play an important role in nutritional intake and general status of health ([@B1]). Some diseases like dental caries, asthma, diabetes, and obesity are very common among children. Dental caries are the most common disease and up to eight times more prevalent than asthma ranked the second among all the common diseases ([@B2]). The consumption of some foods, like sweets and ice cream which have highly fermentable carbohydrates may lead to an increased risk of dental caries ([@B3], [@B4]), nevertheless, some other studies have not confirmed this relationship ([@B5], [@B6]).

According WHO, the unhealthy dietary messages to children must be limited and prevented because the advertisements aimed to promote the consumption of sugary foods and beverages play an important role in the increased level of sugar intake in developing countries ([@B7]). Radio and/or television usually broadcast some advertisements promoting unhealthy dietary habits and under the influence of such advertisements people may use an increased level of unhealthy ingredients and food in their children die; for instance, they may use more sweets for feeding the children, and even they may use sweets as rewards. Additionally, people may use more sugar while preparing foods and hence they spend more money on sweets ([@B7]--[@B9]). Moreover, carious lesions are more prevalent in children of school age because they usually do not have proper dietary habits and they do not practice oral hygiene effectively and regularly ([@B10]). In addition, pain, dental abscess, and severe local and systemic infections may occur because of tooth decays which are not treated ([@B11]). Furthermore, dental caries are among the chronic illnesses which can prevent children to attend schools, hence the children may have a poor school performance because of this group of diseases ([@B12], [@B13]). Children with poor oral health, compared with their counterparts, are about three times more prone to miss school when they are suffering from dental pain ([@B14]). Furthermore, caries have been experienced by about 60--90% of children of school age all around the world, and Asian and Latin American countries have reported higher prevalence rates ([@B15]).

The prevalence of caries is rising in Iran which is similar to the trend observed in other developing countries ([@B4]). During the last 10 years, several studies have been conducted on primary schoolchildren in Iran where the prevalence of caries is about 35--85% in children ([@B16]--[@B19]). In fact, both obesity and dental caries are under the influence of several factors and they may affect the health and psychosocial development of children ([@B2], [@B20], [@B21]). Because of the effects of common, modifiable, influences such as diet and lifestyle ([@B22]), the relationship between these items have not been clearly defined yet ([@B23], [@B24]). Developed countries, all around the world, have reported a decline in the prevalence of caries in the past 20 yr, however, there are still many debates on the role of diet and nutrition in this decline and it has remained controversial ([@B24]). Researchers have not reported any direct relationship between the decrease in caries and an increase in nutritional status ([@B25]--[@B27]). Nowadays, many studies in different countries are aiming to evaluate dental caries indices and influencing factors.

The aim of this study was to collect updated data on caries-inducing and caries-preventing dietary habits; it also aimed to evaluate the association between foods and dental caries in schoolchildren living in suburb of Kermanshah, a city in the west of Iran, in 2014.

Materials and Methods
=====================

This cross sectional study was conducted using the cluster random sampling procedure. Six hundred ninety eight children were selected from 16 public schools in the suburb of Kermanshah, Iran, from Nov 2013 to Feb 2014. Eight schools were selected from thirty-two schools for girls and eight schools were selected from thirty-seven schools for boys. As the inclusion and exclusion criteria, only children fulfilling the following conditions were included in this study: Age between 10 to 12 yr and no history of congenital and genetic problems.

This study was approved by Kermanshah University of Medical Sciences Ethics Committees (No. 90061) and all subjects\' parents gave their informed consent for participation.

Outcome Measures: Dental Caries
-------------------------------

The amount of decayed, missing, and filled surfaces of the permanent teeth is indicated by the DMFT index: 'D' stands for decayed tooth; 'M' denotes missing tooth due to decay, and 'F' represents filled tooth. Each patient underwent a dental caries assessment for the DMFT index according to the WHO recommendation form carried out by two trained and calibrated examiners (student of dentistry) using disposable dental mirrors, intra-oral LED lights, and ball-ended WHO CPI probes ([@B28]).

Determinants of Children's Oral Health
--------------------------------------

It is generally a challenging task to collect data from young children about their dietary habits (as the exposure variable), because the 12-yr-old children have a limited cognitive ability to recall and record snacks and beverage intake and they also have a limited knowledge of food and food preparation ([@B29]). However, children older than eight years of age, with increasing their age have a rapid increase in their ability to report food intake ([@B30]). The dietary habits of the children were measured using a Food Frequency Questionnaires (FFQ) focused on a general pattern. Using the questionnaire, each child was interviewed individually and asked 'How often do you consume \[each item\]?' A part of this questionnaire consisted of 13 dental caries-inducing or caries-preventing foods, in which the 'frequency of intake' of each item was scored on a four items 'Likert' scale as follows: more than once daily (4 points); once daily (3 points); three or four times a week (2 points); less than three times a week or never (1 points) ([@B31], [@B32]).

Several confounding variables were measured. Weight and height, as anthropometric features, were measured. Height was measured to the nearest 0.1 cm by a stadiometer. Weight was measured to the nearest 0.1 kg using a digital scale while the child was wearing minimum clothing. Each school children's BMI (Body Mass Index), which is widely used as a surrogate measure for obesity, was calculated as weight in kilograms divided by the square of the height in meters (kg/m^2^). Standardized percentile curves of BMI in Iran were used. Based on these curves underweight condition is defined as under the 5th percentile curve, normal as between the 5th and 85th percentile, at risk of being overweight as higher than the 85th and lower than the 95th percentile, and overweight as higher or equal to the 95th percentile ([@B33]).

Reliability and validity
------------------------

To evaluate and control the likely bias of the examiners in dental examinations, two trained examiners and 24 school children from four schools were randomly selected. Examinations were carried out on all the 24 subjects by each of the examiners. The subjects were reexamined after two weeks by the same examiner. Wilcoxon signed rank test showed no statistically significant difference between the results of the two examinations in terms of the scores of FFQ, dental caries, weight, and height. Besides, using Intraclass Correlation Coefficient (ICC) Intra-examiner reproducibility was assessed for dental caries scores, dietary habits (measured by FFQ), weight and height was the results were satisfactory (0.76, 0.69, 0.97, 0.96 respectively). In addition, to assure the validity of the examiners findings about DMFT, a dentist conducted dental examinations on the same 24 school children. Then, the results were compared with those reported by school nurses (ICC= 0.98).

Statistical analysis
--------------------

Since the outcome variable, DMFT, is a count variable; which may have zero values for many subjects, thus the association between predictors and dental caries was modeled by using the Zero Inflated Generalized Poisson (ZIGP) regression model to account for highly frequented zeroes. In this two-part model (i.e. ZIGP model), probability of being at risk of caries (susceptible subgroup) and mean caries count in susceptible subgroup can be modeled simultaneously.

In univariate analysis, each factor that was significant at the level of *P*≤0.2 was candidate to enter into multiple zero-inflated generalized Poisson regression. This late model shows the effect of each factor adjusted for others. The final model contained only factors that were significant at the level of *P*≤0.05. The adjusted effect of each caries risk factors in having a higher mean caries count (in susceptible subgroup), and odds ratios of being in susceptible subgroup along with its 95% confidence interval were estimated by the two parts of the model. Also, some interactions between dietary habits and confounder were studied. Among 706 questionnaires, 698 cases were included in the analysis.

Data were analyzed by programming in R 3.0.2 software downloaded from *[cran.r-project.org](http://cran.r-project.org)*.

Results
=======

Among the 698 schoolchildren in this study, 51.6% were girl. Body Mass Index calculations showed the representative prevalence as follows: underweight school children (16.7%), normal (65.3%), those at risk of becoming overweight (13.6%) and those overweight (4.4%). 14% of the children were caries free.

Univariate analysis
-------------------

Findings of univariate analysis are presented in [Table 1](#T1){ref-type="table"}. The relationship between gender and DMFT was significant (*P*=0.027), i.e. mean caries count of girls were 1.11 times higher than boys. Girls were 1.18 times more susceptible to caries than boys. In addition, the consumption of following food materials showed as significant predictors (*P*≤0.2) of dental caries: sweet biscuits as snack, ice cream, apple, canned fruits or jams, fizzy soft beverages.

###### 

Estimated mean caries count ratios and odds ratios from zero-inflated Generalized Poisson regression Models in 10--12 yr-old schoolchildren

  **Variables[†](#TFN1){ref-type="table-fn"}**   **Generalized Poisson part**   **Zero-inflation part**                  
  ---------------------------------------------- ------------------------------ ------------------------- ------- ------ ------------
  Gender                                                                                                  0.027          
  Boy(ref)                                       1                              \-                                1      \-
  Girl                                           1.24                           1.05--1.46                        1.15   1.04--1.27
  BMI                                                                                                     0.24           
  Normal (ref)                                   1                              \-                                1      \-
  Underweight                                    0.99                           0.88--1.12                        1.07   0.39--2.88
  At risk overweight                             0.86                           0.74-- .99                        0.83   0.24--2.85
  Overweight                                     0.94                           0.75--1.2                         0.65   0.2--2.18
  Bread                                                                                                   0.55           
  1(ref)                                         1                              \-                                1      \-
  2                                              1.02                           0.88--1.18                        0.86   0.25--2.91
  3                                              0.95                           0.72--1.032                       0.66   0.21--2.02
  4                                              0.95                           0.74--1.23                        1.02   0.28--3.71
  Sweet biscuits                                                                                          0.041          
  1(ref)                                         1                              \-                                1      \-
  2                                              1.006                          0.89--1.12                        1.05   0.57--3.55
  3                                              1.46                           1.15--1.82                        1.25   1.09--1.44
  4                                              1.51                           1.23--1.89                        1.47   1.16--1.87
  Confectionery cookies and cakes                                                                         0.79           
  1(ref)                                         1                              \-                                1      \-
  2                                              0.92                           0.79--1.07                        0.48   0.2--1.12
  3                                              0.98                           0.75--1.27                        1.75   0.96--3.19
  4                                              0.96                           0.69--1.32                        1.43   0.82--2.48
  Sweetenedhotmilk                                                                                        0.65           
  1(ref)                                         1                              \-                                1      \-
  2                                              0.93                           0.83--1.05                        0.68   0.28--1.7
  3                                              0.99                           0.88--1.12                        0.92   0.33--2.5
  4                                              1.01                           0.85--1.19                        1.07   0.24--4.6
  Soft drink                                                                                              0.44           
  1(ref)                                         1                              \-                                1      \-
  2                                              1.02                           0.93--1.16                        1.36   0.36--5.3
  3                                              0.94                           0.8--1.1                          1.46   0.14--4.5
  4                                              0.82                           0.59--1.14                        1.58   0.6--4.3
  Ice cream                                                                                               0.19           
  1(ref)                                         1                              \-                                1      \-
  2                                              0.97                           0.86--1.08                        0.93   0.4--2.18
  3                                              0.85                           0.74--0.99                        1.08   0.33--3.4
  4                                              1.04                           0.79--1.38                        2.05   0.91--3.2
  Cheese as snack                                                                                         0.7            
  1(ref)                                         1                              \-                                1      \-
  2                                              0.98                           0.85--1.14                        0.5    0.17--1.4
  3                                              1.04                           0.93--1.15                        1.58   0.94--2.6
  4                                              1.08                           0.9--1.3                          1.6    0.89--2.9
  Apple                                                                                                   0.18           
  1(ref)                                         1                              \-                                1      \-
  2                                              0.89                           0.79--0.99                        1.78   0.71--4.48
  3                                              0.95                           0.82--1.1                         0.81   0.58--1.12
  4                                              0.89                           0.69--1.16                        0.76   0.49--1.18
  Dry fruit                                                                                               0.46           
  1(ref)                                         1                              \-                                1      \-
  2                                              0.93                           0.82--1.05                        0.71   0.31--1.6
  3                                              1.04                           0.85--1.27                        1.6    0.84--3.1
  4                                              0.89                           0.73--1.09                        1.33   0.62--2.85
  Cannedfruits/jams                                                                                       0.04           
  1(ref)                                         1                              \-                                1      \-
  2                                              1.05                           0.92--1.21                        1.01   0.34--3.1
  3                                              0.97                           0.72--1.31                        1.2    0.8--1.78
  4                                              0.71                           0.56--0.91                        1.28   0.86--1.94
  Chocolates                                                                                              0.302          
  1(ref)                                         1                              \-                                1      \-
  2                                              1.01                           0.88--1.14                        1.03   0.83--1.25
  3                                              0.77                           0.55--1.07                        1.11   0.65--1.87
  4                                              0.9                            0.75--1.08                        1.32   0.74--2.3
  Nuts(walnut and almond)                                                                                 0.336          
  1(ref)                                         1                              \-                                1      \-
  2                                              1.01                           0.89--1.15                        0.86   0.34--2.1
  3                                              0.85                           0.71--1.02                        1.2    0.24--5.9
  4                                              0.98                           0.72--1.34                        2      0.9--4.4
  Fizzysoftbeverages                                                                                      0.045          
  1(ref)                                         1                              \-                                1      \-
  2                                              0.92                           0.8--1.07                         1.21   1.03--1.4
  3                                              1.31                           1.05--1.58                        2.03   2.05--3.9
  4                                              1.86                           1.44--1.88                        2.24   1.76--2.8

Scores were used as following: 4- more than once daily ; 3- once daily ; 2- 3 or 4 times a week ; 1- less than 3 times a week or never/

i.e. mean caries count

Multivariable analysis
----------------------

Dispersion parameter was estimated 0.12 (*P*=0.027), thus generalized Poisson was proper than Poisson. In addition, according to Likelihood Ratio (LR) test, ZIGP model was proper than GP model (*P*=0.014). The results of fitting multiple ZIGP regression showed that consumption of sweet biscuits as snack and fizzy soft beverages related to both of increasing in mean caries count and susceptibility of caries in children. This final model shows the effect of two factors adjusted for gender. Other factors, not presented in that table such as interaction effects, were not significant (*P*\>0.05). As has been shown in [Table 2](#T2){ref-type="table"}, mean caries count in girls was 1.22 times more than boys. Mean caries count in children who consumed sweet biscuits more than once daily was 1.16 (95% CI: 1.05--1.25) and once daily was 1.27 (95% CI: 1.18--1.37) times more than those that were in category of less than 3 times a week or never.

###### 

Adjusted effects of dietary habits according to ZIGP regression model

  **Variables†**         **Generalized Poisson part**   ***P*-value**   **Zero-inflation part**                 ***P*-value**                
  ---------------------- ------------------------------ --------------- --------------------------------------- --------------- ------------ ---------------------------------------
  Gender                                                                                                                                     
  Boy(ref)               1                              \-              \-                                      1               \-           \-
  Girl                   1.22                           1.03--1.42      0.035[\*](#TFN3){ref-type="table-fn"}   1.23            1.08--1.51   0.041[\*](#TFN3){ref-type="table-fn"}
  Sweet biscuits                                                                                                                             
  1(ref)                 1                              \-              \-                                      1               \-           \-
  2                      0.99                           0.88--1.11      0.93                                    1.44            0.54--3.8    0.57
  3                      1.16                           1.05--1.25      0.042[\*](#TFN3){ref-type="table-fn"}   1.77            0.8--2.9     0.43
  4                      1.27                           1.18--1.37      0.031[\*](#TFN3){ref-type="table-fn"}   1.56            1.13--1.98   0.046[\*](#TFN3){ref-type="table-fn"}
  Fizzy soft beverages                                                                                                                       
  1(ref)                 1                              \-              \-                                      1               \-           \-
  2                      0.96                           0.8--1.13       0.35                                    1.29            0.83--1.93   0.36
  3                      1.41                           1.19--1.63      0.039[\*](#TFN3){ref-type="table-fn"}   1.35            1.06--1.75   0.042[\*](#TFN3){ref-type="table-fn"}
  4                      1.63                           1.49--1.78      0.028[\*](#TFN3){ref-type="table-fn"}   1.39            1.17--1.55   0.028[\*](#TFN3){ref-type="table-fn"}

*P*-value≤ 0.05

Scores were used as following: 4- more than once daily ; 3- once daily ; 2--3 or 4 times a week ; 1- less than 3 times a week or never

Additionally, mean caries count in children who were in category with consumption of fizzy soft beverages more than once daily and once daily was 1.41 (95% CI: 1.19--1.63) and 1.63 ( 95% CI: 1.49--1.78) times more than children that were in category of less than 3 times a week or never respectively. Finally, in girls the odds of being in a caries susceptible subgroup was 1.23 (95% CI: 1.08--1.51) times more likely than boys (*P*=0.041). In addition, the odds of being in caries susceptible subgroup of children which consumed sweet biscuits more than once daily was 1.51 (95% CI: 1.05--1.25) times more likely than those children that had less than 3 times a week or never (*P*=0. 046). The odds of being in susceptible to caries subgroup of children which consumed fizzy soft beverages more than once daily and once daily was respectively, 1.35 (95% CI: 1.06--1.75, *P*=0.042) and 1.39 (95% CI: 1.17--1.55, *P*=0.042) times more likely than those children that had less than 3 times a week or never.

Discussion
==========

This cross-sectional study demonstrated a positive relationship between some nutritional habits and dental caries among the schoolchildren aged 10--12 yr old. In the present study, gender was an effective factor influencing caries severity. Considering the odds of being susceptible to caries, the mean number of dental caries in girls was higher than that in boys. This finding is in line with results of the majority of other studies in Iran and other countries ([@B34]--[@B39]). This finding might be justified by considering the fact that girls' experience permanent dentition eruption two to 10 months earlier than boys ([@B27], [@B40], [@B41]). Therefore, girls are in need of more dental care services.

Furthermore, children who consumed soft drinks more than once daily or once daily were more likely at risk of dental caries. These results were in agreement with past studies which have reported associations between soft drinks and dental caries ([@B42]--[@B44]). Consumption of high carbonated soft drink in the US seemed to be more common among children aged 6--10 years old ([@B45]).

However, the results of previous research are not convincing ([@B46]). Consumption of drinks containing sugars leads to a drop in the PH of dental plaque. Saliva flow and salivary components can neutralize this acid and usually within 20--30 minutes the pH of plaque reaches its resting level ([@B47]). However, the consumption of such drinks becomes dangerous when they are used frequently for a long time ([@B30]). In addition, sweet biscuits were identified as a factor increasing on the incidence of dental caries. It is very important to consider the consumption of this type of snacks, because they are widely available to all children in schools and can remain on the surface of tooth for hours in school time. Generally, this type of snack does not have much nutritional value and even can reduce food intake at the mealtime. According to the results of a longitudinal study on primary dentition, higher intake of food sugar and starch at mealtime was associated with a decreased risk of caries, however when people are more exposed to sugar from snacks, they are more at risk of caries ([@B48]). Moreover, nowadays people use fluoride products more than ever which shows that people underestimate the impact of dietary habits on dental caries. On the other hand, the recurrent use of acidogenic and erosive drinks can enhance the risk of caries ([@B47]). Because of the increased rate of acidic, sugar-rich soft drinks intake, children are more vulnerable to the risk of acid demineralization which can finally cause caries and dental erosion ([@B30]).

In this study, no significant relationship was found between BMI, as a measure of current general nutritional status, and dental caries. There is not enough evidence indicating the association between underweight/obesity and dental caries. According to some cross-sectional studies, there is a positive relationship between obesity and dental caries ([@B19], [@B48], [@B49]), however some other studies have reported a weak or no association between BMI and dental caries ([@B23], [@B50]). According to a cross-sectional study on schoolchildren, being overweight was negatively correlated with the DMF/dmf index ([@B51]). A direct relationship between obesity and dental caries was only reported in one out of seven studies with strong levels of evidence ([@B52]). Considering BMI as a measure of current general nutritional status, it has been shown that nutrition does not have an impact on the post-eruptive tooth stage ([@B53], [@B54]).

Conclusion
==========

Taking into account the sampling method used in this study, i.e. two-stage cluster sampling, our result has a sufficient power to be generalized to the whole population. As we know, the main limitation of cross-sectional studies is acknowledged in inferring results from simultaneous measurement of risk indicators and disease, which limits the chance to identify causative factors. Since caries is a progressive disease, past dietary habits, adopted several years ago, may have resulted in the present disease; such an element cannot be captured in a cross-sectional study. Consequently, when feasible, it is better to investigate the association between diet and dental caries via longitudinal study designs examining the changes in dietary habits and their impacts on the development of caries.

Carbonated soft drinks and sugar-sweetened snacks such as biscuits, which are usually available at school, are not only nutritious, but also can lead to decreased food intake at the main mealtime and thus they are associated with caries. As a result, health promotion activities in school should emphasize healthy eating practices, for instance the consumption of soft drinks containing sugar must be reduced (so they would be used only occasionally between meals), and an appropriate amount of food containing sugar and starch must be consumed only at the main mealtime. Furthermore, girls need more dental care than boys.
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